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ELECTRICAL STROBOSCOPE
William M. Goedall, Atlantic Township, Monmouth
County, N.J., assignor to Bell Telephone Laboratories,
Incorporated, New York, N.Y., a corporation of New

York
Filed June 22, 1959, Ser. No. 821,851
8 Claims. (CL 324—77)

This invention relates to electromagnetic wave analyzers
and more particularly to means for observing broad-band
recurrent pulses upon a low-frequency, narrow-band dis-
rlay device.

Pulses, and in particular pulses of extremely short
duration, are being employed to an ever-increasing ex-
tent in communication systems and in the electronics con-
trol field. This has given rise to the need for measuring
equipment capable of displaying these broad-band signals,
which need has presented design problems as formidable
as the original problems sought to be solved by the ap-
plication of pulse techniques. Asis well known, the trans-
mission, amplification and display of broad-band signals
is a difficult and expensive undertaking. A method to
permit the use of relatively inexpensive narrow-band dis-
play equipment for the testing and analysis of broad-band
signals is sorely needed.

It is, therefore, a general objective of this invention to
modify broad-band signals for utilization with narrow-
band display systems.

The problem is fundamentally one of converting a
broad-band signal into a narrow-band signal, while pre-
serving the essential features of the signal wave shape.
However, concurrent with the process of frequency com-
pression there is a corresponding lengthening of the time
duration of the signal, which is inversely proportional to

10

156

20

26

30

35

the reduction in the signal bandwidth. Numerous meth- °

ods have been developed in the past for trading band-
with for pulse duration, These involve, primarily, a
sampling step, or stroboscopic technique, comparable to
the familiar light stroboscope, for slowing down or
stopping the motion of recurrent phenomena.

As is well known, a light stroboscope consists essen-
tially of a suitable light source which emits short pulses
of light. When these pulses occur at a regular rate, the
stroboscope produces the optical effect of slowing down
or stopping the motion of recurrent phenomena, For
electrical recurrent signals, similar effects can be produced
by using short electrical pulses together with suitable
gating networks and low-pass filters. When the repeti-
tion rates of the signal and the illuminating pulse are
the same, only that part of the signal that is in time
coincidence with the illuminating pulse is observed. An
electrical example of this is the output of the receiving
gate in a time division multiplex system. Where the
repetition rate of the illuminating pulse differs from that
of the signal by a constant amount, the effect is to repro-
duce the signal on a slowed down basis. For example,
if the difference between the repetition frequency of the
signal and the sampling pulse is f cycles per second, the
recurrence frequency of the gated signal is f cycles per
second. It is, therefore, apparent that as a result of this
type of operation, the bandwidth of the signal is reduced,
and as a further consequence, the recurrent pulse pat-
tern may be observed on an oscilloscope, or other display
instrument, which has a much narrower band than would
be required to reproduce the original signal, It is also
apparent that in order to effectively “stop” the action of
the recurrent phenomena adequately so as to obtain an
image that is not blurred (a familiar problem in the
photographic arts), the illuminating pulse or gating pulse
must be short compared to the time duration of the signal
to be observed. In a typical case, the strobe pulse would
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be about one-half of the duration of the shortest signal
pulse. This would appear to place a limit upon the signal
that can be strobed effectively with a given gating pulse,
since, as the time duration, or pulse width, of the signal
decreases and approaches that of the gating pulse, the
resolution of the strobed signal would progressively
deteriorate, rendering the reproduced signal useless for
most purposes.

It is therefore a more specific object of this invention
to apply stroboscopic techniques to signal analysis using
sampling signals that are long compared to the signal
that is to be gated.

In accordance with the principles of the invention,
there is essentially no limit to the shortness of the signal
pulse that can be strobed. Considering the problem in -
terms of the frequency domain, the signal bandwidth
may be many times greater than the gating pulse band-
width. This relaxation in the bandwidth requirements
of the respective signals is achieved in accordance with
one embodiment of the invention by dividing the signal
frequency spectrum into sub-bands, each of which itself is
small with respect to the bandwidth of the gating pulse.
The sub-bands are then heterodyned down so that the
lower end of each sub-band is shifted to zero frequency
with the remaining portion of the sub-bands shifted cor-
respondingly. The individual sub-bands are then sampled
by means of the gating signal, to effect frequency com-
pression in the usual manner. The compressed sub-bands
are then heterodyned back up to their proper relative
position in the frequency spectrum and recombined, the
resulting signal having an envelope which is a duplicate
of the original signal envelope in shape, but on an ex-
panded time scale which is related to the difference fre-
quency between the signal and the sampling rate,

An essential feature of the process relates to the na-
ture of the local oscillators used for heterodyning. Spe-
cifically, one of the heterodyning signals is derived from
the original signal and comprises an appropriate harmonic
of the signal repetition frequency. The second is derived
from a modulation process involving the original signal
and the gating signal. The use of heterodyning signals
so derived is essential in order to preserve the relative
phase of the various frequency components making up
the signal. In the absence of such phase coherence, the
recombined signal derived from the compressed sub-
bands would not be a replica of the original wave shape.

In a second embodiment of the invention, instead of
shifting the signal spectrum, the gating signal is hetero-
dyned up, using different harmonics of the gate repetition
frequency as the local oscillators. The several signal sub-
bands are then strobed with the appropriate gating signal.
The outputs of the gating networks are then filtered and
recombined to produce a narrow-band duplicate of the
original signal.

These and other objects and advantages, the nature of
the present invention, and its various features, will appear
more fully upon consideration of the various illustrative
embodiments now to be described in detail in connection
with the accompanying drawings, in which:

FIG. 1 is a block diagram of a first embodiment of
the invention;

FIG. 2 is a block diagram of the frequency compression
technique used in the embodiment of FIG. 1, and

FIG. 3 is a block diagram of a second embodiment of
the invention.

Referring to FIG, 1, there is shown a block diagram of
the broad-band electrical stroboscope in accordance with
the present invention, and the corresponding wave forms
associated with the various portions of the device. The
signal to be analyzed, comprising a train of recurrent, or
slowly changing pulses, is indicated as S(w?) and is shown
applied to a branching filter 10. Signal S(«t) is, in gen-
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eral, a pulse of short duration of approximately 10~? sec-
onds, having a bandwidth in excess of 2000 megacycles as
represented by curve 30. The branching filter divides the
frequency components of signal S(w?) into two or more
portions, In the embodiment of FIG. 1, branching filter
10 consists essentially of a low-pass filter, a band-pass
filter, and a high-pass filter, the outputs of which are
Sgpy, Sp; and Spp,, Tespectively. Sgp,, shown by curve
31, corresponds to that portion of the signal frequency
spectrum between zero frequency and wp. Sgp,, the out-
put of the band-pass portion of branching filter 19, and
shown by curve 32, corresponds to the regions of the sig-
nal spectrum between frequencies wp and «;. Sgpp,, the
remaining portion of the signal spectrum between wy
and w, is represented by curve 33. These three signal
components, Sgpy, Sgp; and Spp,, which, if added to-
gether would reproduce the original signal S(wr), are
divided in this manner for reasons which will soon become
apparent.

The portions of the signal corresponding to signals
Spp, and Spp, are then shifted in frequency by means of a
heterodyning process in the down-converters 11 and 12.
The beating oscillators used in this process, N;ws and Nowt
are derived from signal S(wt) and represent harmonics of
the signal repetition rate, ». The down-converted signals,
Scep; and Scgp,, are shifted in frequency to occupy the
portion of the frequency spectrum between zero frequency
and (w;—w,) and between zero frequency and (wg—uwy)
as shown by curves 35 and 36, respectively. Since no
heterodyning operation is performed wupon signal Sgp,,
it remains in the same relative position as shown by curve
34.

The three sub-bands are then sampled in the gating net-
works 13, 14 and 15 by means of a gating pulse derived
from the gating generator 20. The operation, and the
effect of the gating process upon the sub-band may be
understood by reference to FIG. 2.

FIG. 2 is a block diagram of the frequency compres-
sion portion of the broad-band electrical stroboscope
shown in FIG. 1. It includes a gating network to which
there is applied a recurrent signal, designated s(wt), and
a gating pulse g[(w—A)7], where A is the difference be-
tween the signal and gate recurrence frequencies. The
gated signal is in turn applied to the low-pass filter, whose
output is a duplicate of the input signal but on an ex-
panded time scale, designated s(Af).

As is well known, any realizable waveform may be rep-
resented as a sum of sinusoidal and/or cosinusoidal com-
ponents of appropriate amplitudes and phases. In par-
ticular, if the waveform is repetitive, as signal s(wt) is
assumed to be, the components are discrete and may be
represented by the Fourjer series of harmonic terms as
follows:

m

where w=2nfy the frequency of recurrence, and N is the
last significant harmonic.
The gate pulse may likewise be represented as
m=M
glo—A)t= D>} gn cos m(w—A)t (2)
m=1
where M is the last significant harmonic component of the
gate signal and is greater than N, and A=2wd, where &
is the repetition rate difference between the signal and the
gate.
The gating network is a product modulator whose
output
glo—A)EX s(wb)

n=N
s(w) = > s, €08 (nwit+B,)
n=1

‘m=M
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reject all frequencies greater than half the signal fre-
quency. Hence, the output of the filter is given by

=N
3(Af) = > sugn €08 (RAL+D,) (4)
n=1

For sufficiently short gating pulses, the harmonic com-
ponents of the gate are of uniform amplitude for all sig-
nificant signal harmonic components, so that

&m=2¢8o, & constant (5)

Hence,

(6

The maximum value permitted for A in Equation 5 is
given by

n=N
8(Af) =gy >} 8 cOS (RAL-+D,)
n=1

No<f/2
or

0<f/2N N
which insures that the required number of harmonics, N,
can be transmitted through the low-pass filter whose cut-
off frequency is f./2.

Equation 4 gives the general response of the gating
network. It is seen that subject to the restrictions of
Equations 5 and 7, the output of the filter as given by
Equation 6 is a reproduction of the alternating current
components of the original signal s(«f) on a slowed
down basis, with an amplitude factor gq.

For those cases where the duration of the gating pulse
is comparable to the shortest pulse contained in the sig-
nal, gy, is not constant or

Em¥~8o
and some of the resolution of the oscilloscope is lost.
For the case in which the gating pulse has the same dura-
tion as the signal pulse, the effect is to lengthen the gated
signal to about 1.4 times its correct duration.

In the embodiment of the invention of FIG. 1, each
of the sub-bands Sgp,, Scee; and Sepp,, is gated by means
of gating signal G(w—A)?, which is derived from the
gating generator 20. The gating pulse has a relative
bandwidth, as shown by curve 37, which has a uniform
amplitude for all significant harmonics of the signal sub-
bands. In accordance with the analysis given above with
reference to FIG. 2, the output from. the gating network
filters comprises the three narrow-band signal components
Ssppg, Sscepy and Sgemp,, Which are shown on a fre-
quency scale related to the difference frequency A, by
curves 38, 39 and 40.

Signal component Sgpp, passes directly to the recom-
bining filter 18. Components Sscep; and Sgepp, pass to
the up-converters 16 and 17 where they are heterodyned
back to their respective positions in the signal frequency
spectrum. The local oscillators used in the heterodyning
process are derived from harmonics of the difference
frequency A, These harmonics, N;A and NqA, are gen-
erated in modulator 21 from the signal and gating signal.
The appropriate harmonics are selected by filters 22 and
23 and fed to the converters 16 and 17. '

Signal components Sgep, and the shifted signal com-
ponents Sspp; and Sggp,, derived from the up-conversion
process, are shown by curves 41, 42 and 43 to occupy
portions of the frequency spectrum between zero fre-
quency and Aj, Ay and A; and A; and A,, respectively.
When added together in combining filter 18, they form
the continuous spectrum from zero frequency to Ay shown
by curve 44, and defined by S(Ar), which may then be
applied to the low-frequency display device 19 for obser-
vation and analysis.

A mathematical analysis of the electrical stroboscope
can be formalized as follows:

n=N The broad-band signal S(w¢) is given in Fourier form
= 8, 08 {(wt-+ @n):”: Jm €08 (w—A t]
e [ I

3
is applied to the low-pass filter. The latter is adjusted to

(]

n=N

S(wt) =37 8, cos (nwt+d,) (8)
n=}
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Splitting the band into three (or more) parts gives

n=N; n=N3 n=N
Sh= 2, Q)+ >3 Sal@h)+ >, Salwt) (9)
n=1 n=N+1 n=Ng}1
or, from FIG. 1,
§(wt)=Szp,+S8p; 1S8R, (10)

By the frequency conversion of Sgp, and Sgp, and ap-
propriate filtering, Scpp, and Scpp, are formed, where

n=Ny—(N-+1)
Scap,=Di S, eos (nwt+®,+6,) (11)
n=1
and
n=N—(Ny+1)
Scppy=D; Sa cos (nwi+®,4+6y) (12)
n=1

The two beating oscillator voltages used to obtain the
signal components given by Equations 11 and 12 are:

B01=D1 cos (lef+01) (13)

BOy;=D; cos (Nawi-+63) (14)

The outputs of the three strobe units 13, 14 and 15,
after gating and filtering are, from Equation 4:

and

n=N.
Sppy= > SuGa cos (nAt+-8,) (15)
n=1
n=Nz—(Ni-+1)
Scee, =Dy S.G, eos (nAt+®,--6;) (16)
n=1
and
n=N—(Ni+1)
Scpey=D; 8aGy cos (nAt+®,+-6y) amn
n=1

The outputs of the up-converters 16 and 17 are given
by

7‘L=N2
Sspp,= U1D; ZNS“GD cos (nAL+@,+ o)
n=

(18)
=N
Ssppy= UsD; %}+ISnGn cos (nAt+®.+ ¢2)
=Nz
(19

where the beating oscillator voltages for the up-converter
are:
BOy'=U, cos (N At+o1) (20)

BOz’ZUz cos (NzAt-I—(Pz) (21)

The combination of signal components Sggp,, Sspr,
and Sggpp,, after the adjustment of the levels U;D; and
U;D; to correspond to that of Sgnp,, and with ¢y and ¢q
adjusted to zero, gives the desired result, i.e.,

S(At)=S8spp,(At) +Sspp, (A) +Ssmp,{Af)  (22)

In a second embodiment of the invention, shown in
block diagram in FIG. 3, gating is performed at the
frequencies of the sub-bands by heterodyning the gating
signal up to the sub-band frequencies. This alternate
arrangement is illustrated in FIG. 3, where, as before, the
broad-band signal S(wt) is divided into three sub-bands,
Sgpgs Sgp, and Sgp, by branching filter 30. It is under-
stood that whereas three sub-bands are shown, there
may be any number of sub-bands, the number being a
function of the signal bandwidth, the gate bandwidth
and the degree of distortion that may be tolerated. The
signal spectrum and the three sub-bands are shown by
curves 70, 71, 72 and 73. The sub-bands are applied
directly to the gating networks 51, 52 and 53 along with
the appropriate gating signals G, CG; and CG,. The
latter are derived from the gate generator 54. Gating
signal G, occupying the portion of the spectrum shown
by curve 75 is derived directly from the gate generator
and is used to sample sub-band Spp,. Gating signals
CG; and CG, are produced in converters 55 and 56 from
the modulation of the gate signal G by harmonics
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6
Ni{w—A) and Ny(w—A) of the gate repetition rate.
These particular harmonics are selected by filters 57
and 58 to shift the gate signal spectrum so as to coincide
with the sub-bands Spg, and Sgp,. The shifted gate
signals are shown by curves 76 and 77.

The gated sub-bands Sgpp,, Ssep, and Sgpp,, shown ona
slowed down frequency scale A by curves 78, 79 and 80,
are, as before, recombined in filter 59 to produce the
signal S(A?) shown by curve 81.

The operation of the electrical stroboscope illustrated
in FIG. 3 may be analyzed mathematically as follows:

Expressing the gating signal as

m=M

G= D7) Gu cos m{w—A)E (23)
m=1
the frequency shifted gating signals are given as
n=N;
CG=V1 > G cos [n(w—A)it+el] (24)
n=N+1
n=N
CG,=V, > G, cos[n(w—2A)i+e)] (25)
#=Na+1
where the beating oscillator voltages are:
BO3;=V; cos [Ni(w—A)t+e] (26)
B04=V2 Ccos [Nz(w—A)t—l—Gz] (27)

The outputs of the gating circuits 51, 52 and 53, after
filtering, are given by
n=N;
Sspp,= >, 8uGa cos (nAl-+®,) (28)
n=1
n=N;
Ssep=V1 2
n=N+
=N
SSBP2= Vs Z SoGy cos (nAt+®,— €5)
n=Nyt1

After adjustment of the amplitude factors V; and V,
to the level of Sggp,, and adjustment of the phase angles
¢ and e, to zero, the signal components are combined
to reproduce the signal on the reduced frequency scale.

In all cases it is understood that the above-described
arrangements are illustrative of only a small number
of the many possible specific embodiments which can
represent applications of the principles of the invention.
Numerous and varied other arrangements can readily be
devised in accordance with these principles by those skilled
in the art without departing from the spirit and scope
of the invention.

What is claimed is:

1. A signal analyzer for displaying on a relatively
narrow-band device a repetitive signal having a broad-
band frequency spectrum comprising means for dividing
said spectrum into a plurality of sub-bands, a first plu-
rality of oscillator signals for heterodyning said sub-
bands down to occupy a given frequency range, gating
means for sampling each of said sub-bands, means for
filtering the sampled sub-bands, a second plurality of
oscillator signals for heterodyning up the output of said
filters to occupy the same relative position with respect
to each other as was occupied heretofore, means for re-
combining said sub-bands and means for displaying said
recombined signal on said narrow-band device.

2. The combination according to claim 1 wherein said
first plurality of oscillator signals for heterodyning said
sub-bands are derived from harmonic frequencies of said
signal repetition rate.

3. The combination according to claim 1 wherein said
second plurality of oscillator signals are derived from the
modulation of said signal by said gating means.

4. The combination according to claim 1 wherein said
gating means has a repetition rate different from said
repetitive rate of said signal.

5. A device for reproducing the envelope of a repeti-

8.G, cos (nAt+ &, €;) (29)
1

(30)
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tive signal pulse on an expanded time scale comprising
filtering means for dividing the frequency spectrum of
said signal pulse into a plurality of sub-bands, a gating
generator for providing a repetitive gating pulse having a
bandwidth wider than said sub-bands and narrower than
said signal pulse, heterodyning means for bringing said
sub-bands and said gating pulse into frequency coin-
cidence, means for gating said sub-bands wtih said gating
pulse, and means for recombining said gated sub-bands
wherein said sub-bands occupy the same relative posi-
tion along the frequency scale with respect to each other
as was occupied heretofore.

6. The combination according to claim 5 wherein the
repetition rate of said gating pulse and the repetition
rate of said signal pulse differ by a given small amount.

7. A device for reproducing on an expanded time
scale the envelope of a repetitive signal pulse having a
first frequency spectrum, comprising filtering means for
dividing the frequency spectrum of said signal pulse into
a plurality of sub-bands, a gating generator for provid-
ing a repetitive gating pulse having a second frequency
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spectrum, heterodyning means for bringing said second
frequency spectrum into frequency coincidence with the
frequency spectrum of each of said sub-bands, means
for modulating each of said sub-bands with said coin-
cident second spectrum means for filtering said modulated
sub-bands, and means for recombining said filtered sub-
bands into a continuous frequency spectrum less than said
first frequency spectrum.

8. The combination according to claim 5 wherein said
phlurality of sub-bands are contiguous and have a total
frequency spectrum substantially equal to the frequency
spectrum of said repetitive signal pulse.
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